Regional block of the sciatic nerve is useful to facilitate surgical procedures on the lower limb. This has traditionally been achieved using anatomical landmarks and/or nerve stimulator guidance techniques. More recently, many approaches to ultrasound-guided sciatic nerve block have been described at subgluteal/upper thigh 1,2 , mid-thigh 3, 4 and popliteal levels 5, 6 . Patients are usually placed in the prone or lateral decubitus position with the hip flexed.
Body position is known to affect the position of neural structures and this is of direct relevance to regional anaesthesia. Abduction of the arm moves the infraclavicular brachial plexus away from the thoracic wall, therefore reducing the depth of puncture and the risk of pneumothorax 7 . We have observed that this movement also makes the brachial plexus appear more echogenic. These observations made us consider if similar changes occurred in the sciatic nerve with changes in leg positioning.
Sciatic nerve blocks are regularly performed on two distinct populations: a young and generally fit group undergoing surgery following sports injuries and an older, often overweight group with poor mobility undergoing joint arthroplasty. We investigated the effect of leg position on the depth of the sciatic nerve using ultrasound images obtained at the proximal thigh and mid-thigh level using a population representative of the younger group.
Our primary endpoint was to assess if sciatic nerve depth varied with leg position. A secondary endpoint was to determine if the sciatic nerve was better visualised (for the purposes of nerve blockade) with the hip flexed or in the neutral position.
METHODS

Image acquisition
Human Research Ethics Committee approval was granted and verbal informed consent obtained from all volunteers. A single experienced operator (GH) imaged the lower limb of 21 volunteers using a 5 to 2 MHz curved array probe and a Sonosite M-Turbo™ ultrasound unit (Sonosite Inc., Bothell, USA). The auto-gain function was used at the start of imaging each volunteer but no adjustments were made between images to allow direct comparison. The volunteers were all average weight and body mass index. There were no obese volunteers. We know Influence of leg position on the depth and sonographic appearance of the sciatic nerve in volunteers V. Y. QUAH*, G. HOCKING †, K. FROEHLICH ‡ Department of Anaesthesia, Sir Charles Gairdner Hospital, Perth, Western Australia, Australia
SUMMARY
We investigated the effect of leg position on the depth of the sciatic nerve and quality of ultrasound images taken at the proximal and mid-thigh level. Twenty-one volunteers with average body mass index were recruited to represent the younger population receiving sciatic nerve blocks for sports injury surgery. The volunteers were placed in the lateral position, with the hip flexed and with the hip in a neutral (extended) position. A single operator imaged the uppermost leg and the best images of the sciatic nerve at the proximal and mid-thigh level were saved. Sciatic nerve depth was measured at each level. Eleven clinicians experienced in ultrasound-guided regional anaesthesia assessed the paired images. In the proximal thigh, the sciatic nerve depth was greater with the hip flexed compared to the neutral position (median 30 vs 23 mm, P=0.0002). There was no consistent difference in the mid-thigh. More clinicians favoured the proximal sciatic image with the leg in the neutral position. Although statistically significant, the depth difference is probably not a major clinical consideration in most patients with an average body mass index. We suggest clinicians place the leg in the most ergonomically favourable position when performing sciatic nerve blocks in the proximal thigh in these patients.
of no method to standardise transducer pressure, therefore all scans were performed in the following standard method: a satisfactory image was acquired, then application pressure reduced until contact was almost lost with the skin, and the image saved.
Subjects were initially placed in the lateral position with the hip and knee flexed to 90 degrees. The sciatic nerve of the uppermost leg was imaged from the midpoint of a line between the greater trochanter and ischial tuberosity, to the mid-thigh, halfway between the starting point and the popliteal crease. After adjusting depth and probe orientation, the two best images at the proximal thigh and mid-thigh level were saved. The proximal image was taken 5 cm distal to the subgluteal fold as recommended previously 8 . The skin was marked at the points that images were recorded. The imaging process was repeated at the same points with the subject still on the side but with the hip in a neutral (extended) position. The single operator was able to confirm that the structure imaged and saved was the sciatic nerve on the basis of real-time scanning and following the nerve along its anatomical course in the leg. The depth measurement was performed in each image by one investigator (KF) for consistency. We recorded the most superficial part of the nerve, rather than the centre, since this would be the first part to be contacted by an advancing needle. Given the degree of magnification on the screen, we estimated measurements accurate to 1 mm. Microsoft Excel (Microsoft Corporation, Redmond, Washington, USA) was used for data input and SPSS Statistics (SPPS Inc., Chicago, IL, USA) for analysis. An unpaired Student's t-test was used to compare sciatic nerve depth.
Image review by clinicians
Study images were digitally stored and presented as a PowerPoint presentation (Microsoft Corporation, Redmond, Washington, USA). Eleven clinicians experienced in ultrasound-guided regional anaesthesia participated in the image review. Presentations were viewed on a single 15-inch MacBook Pro (Apple, Cupertino, California, USA), under standard lighting conditions. After a standardised introduction by one of two investigators (VQ, KF), each clinician was shown a series of 21 paired images, corresponding to the sciatic nerve of each volunteer at the proximal and mid-thigh level. The paired images were displayed simultaneously on the screen and clinicians were not told which of the two images was obtained with the hip flexed or in the neutral position. The left-right placement of the flexed and neutral images on the screen was randomised for each pair. For each pair of images, the clinician was asked to state if he/she considered the sciatic nerve was better visualised in one image compared to the other or if there was no difference. No time limit was imposed. A Wilcoxon signed-rank test was used to compare clinician response.
RESULTS
Depth data is presented in Table 1 . In the proximal thigh, the sciatic nerve was more superficial with the hip in the neutral position compared to the hip flexed (median 2.3 vs 3.0 cm, P=0.0002). Representative images at this level are shown in Figure 1 . There was no consistent depth difference in the mid-thigh (median 2.6 vs 2.7 cm, P=0.64).
To assess the visibility of the nerve, 11 clinicians viewed all 21 pairs of images at each of the two locations making 462 evaluations in total. In both the proximal and mid-thigh, more clinicians favoured the image taken with the leg in the neutral position although this finding was not statistically significant ( Table 2 ). 
DISCUSSION
Multiple approaches to the sciatic nerve have been described, but the influence of hip position on the depth and sonographic appearance of the sciatic nerve has not been investigated. The sciatic nerve was more superficial with the hip in the neutral position. Hip flexion increases the distance between the origin and termination of the sciatic nerve. It now passes in a wider arc to reach the thigh. The sciatic nerve has a fixed length so, to minimise the additional distance, we hypothesise it is pulled deeper. This is a similar principle to the straight-legraise test causing sciatic nerve symptoms. A nerve under tension is relatively fixated. The proximal portion of the sciatic is also known to have a greater ratio of neural to non-neural tissue 9 . Both these factors make the nerve at potentially higher risk of damage if it is unable to move away from an advancing needle. Increased depth of needle insertion with greater nerve depth may cause more patient discomfort and tissue trauma. Basic trigonometry shows that when the needle-to-target depth is increased, the actual length of needle that needs to be inserted is greater due to the angle of insertion. The mean difference in depth in our study was 0.7 cm. At an insertion angle of 45 degrees, 1 cm of additional needle needs to be inserted to reach a target 0.7 cm deeper from the skin. A steeper angle of needle insertion may also degrade imaging of the block needle unless echogenic needles are used 10 . In addition, block performance times may be increased 11 .
In our study, the proximal sciatic nerve depth with the hip neutral (2.3±0.5 cm) was less than that measured in studies with the patient prone (3.2±0.8 cm) and lateral with the hip flexed (3.4±0.7 cm) 8, 11 . We did not have any obese volunteers and this could explain the observed difference from previous studies.
A limitation of this study was that static rather than dynamic images were presented to the clinicians. This is different from the clinical context where real-time scanning would be performed. This design, however, enabled all observing clinicians to view and rate identical images of the nerve without introducing additional variables, which can occur with video sequences. The sciatic nerve in each slide was not marked, which may have given rise to interrater variability. The number of evaluations where the sciatic nerve could not be reliably identified may reflect clinical practice, but may also represent the difficulties with using static rather than dynamic imaging. Clinicians did not have the benefit of scanning proximally and distally in the leg to confirm the identity of the sciatic nerve.
A single operator performed all the scans, as described in the methods, to minimise variability in transducer pressure and hence nerve depth as described. We opted not to study images at the popliteal fossa level as the use of a low frequency curvilinear probe would likely result in suboptimal images in this region. It is our usual practice to use a curvilinear transducer when performing sciatic nerve blocks proximal to the popliteal fossa as this gives a sufficiently wide field of view. We therefore did not change our practice even though the depth measurements recorded could have been attained with a high-frequency linear transducer. The depth measurements would be unchanged regardless of transducer used.
In our study population of non-obese individuals, there was a significant although small difference in sciatic nerve depth with change in leg position. We hypothesise that in a more challenging population (e.g. obese, age-related changes), the difference in depth and echogenicity could be greater. A study looking specifically at the older, immobile population is underway. There may also be a gender difference due to fat distribution.
On the basis of the current study, we suggest clinicians consider not flexing the hip when performing proximal thigh sciatic blocks in non-obese patients. The nerve will be more superficial, equally visible and potentially less susceptible to damage from needle trauma as it is less fixated. However, given that the magnitude of the depth difference is small, positioning should still primarily be dictated by what is most ergonomically favourable for performance of the nerve block. 
